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(57) [Abstract] 

[Problem] Polyester of quality which responds to application i 
n method whichadds scrap to occasion where esterification 
reaction it does tereprthalic acid arrithe ethyleneglycol, is 
produced, productivity well. 

[Means of Solution] Terephthalic acid and ethyleneglycol whic 
h scrap polyester contains in method whichproduces polyester, 
esterification reaction it adds scrap polyester to occasion 
whereit does, after doing with depolymerization reaction and 
esterification reaction, doing condensation polymerization , 
changing types of condensation catalyst catalyst compound 
types or according to phosphorus compound concentration,^ 
does condensation polymerization 
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olyester cortains in method whichproduces polyester, 
est erification reaction it adds scrap polyester to occasion 
whereit does, after doing with depoluitrization reaction and 
est erification reaction, doing condensation polyrrerizaiion , 
changing types of condensation catalyst catalyst compound 
types or according to phosphorus conipound concertrationjt 
designates that it does condensation polymerization as featire, 
production method of the scrap utilization polyester. 

[Claim 2] In method of Claim 1, contert of compound of met 
al otherthan germanium you use scrap polyester of 10 ppmor 
less as metal atom, using thegerrrani urn corrpound as 
condensation catalyst, you do condensation rx)lymerization, 
production method of polyester for the bottle. 

[Claim 3] Method of Claim 1 in, content of phosphorus comp 
ound you use scrap polyester of the 20 ppmor less as 
phosphorus atom, using artimonytrioxide as condensation 
catalyst, you do condensation polyrnerization,the fiber or 
production method of polyester for industry film 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention is something 
regarding production method of polyester which utilizesthe 
scrap polyester as portion of starting material. 

[0002] 

[Prior Art] Polyethylene terephthalate (PET) is superior in me 
chanical property, and chemical characteristic is used widely 
otherthan fiber for clothing and industry, packing, for 
magnetic tape , the photograph and or other film for 
condenser, as bottle or other molded article. 

[0003] Recently, from effective activity of resource and viewp 
oint of earth's environmental protection, the recycle is 
observed, has become problem where recycle of production 
stepand waste and after use product or other scrap polyester 
(Below, you call scrap simply. ) which occur with molding step 
is importantregarding PET. 

[0004] As method of recycle, material recycling method which 
does reuse with whileit is a polymer scrap as starting material in 
order fabrication to do in theproduct, and derx>lymerization 
doing, resetting to starting material, doing polymerization for 
thesecond time, there is with a chemical recycling method 
which it makes polyester. 

[0005] Regarding material recycle, scrap advanced thermal degr 
adation, those where the color and property decrease are marry, 
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product from scrap wherethe therrrui degradation ad\ances, is a 
problem that can be used for only speciai application Diluting 
scrap with virgin polyrrrr, there is also a method which itutilizes, 
but value of normal polymer it means to decrease. 

[0006] Oi one hand, as description above there is not a proble 
m, regarding the chemical recycling but depol>merization of 
scrap and for refining starting nnterial whichrecovers, Uiere was 
a problem that becomes cost increase. 

[0007] Scrap is added to occasion where est en fi cat ion reaction 
it does terephtrolicacidandethyleneglycol in Japan Examined 
Patent Publication Sho 46- 1 5 1 14 disclosure as method which 
exectfes chemical recycling int he economical, after doing with 
depolyrrerization reaction and est en fi cat ion reaction method 
whichdoes condensation rx>lymerization is proposed. 

[0008] 

[Problems to be Solved by the Invention] This invention occasi 
on where esterifi cation reaction it does terephthalic acid and 
theethyleneglycol, obtaining polyester of quality which 
responds to application int he method which adds scrap, is 
possible, it is something which ittries to offer production 
method of scrap utilization polyester. 

[0009] 

[Means to Solve the Problems] As for this invention, Somethin 
g which solves above-mentioned problem being gist, adds scrap 
polyester to occasion where esterifi cation reaction it does, the 
terephthalic acid and ethylenegjycol, after doing with 
depdymerization reaction and esterifi cation reaction, doingthe 
condensation polymerization , changing types of condensation 
catalyst according to catalyst compound types orthe 
phosphorus compound concentration which scrap polyester 
contains in method which produces thepolyester, designates 
that it does condensation polymerization as feature, there is a 
production methodof scrap utilization polyester. 

[0010] 

[Enixxiiment of Invention] You explain in detail below, concer 
ning this invention 

[001 1 ] Method of this invention is applied, when producing PE 
T from the terephthalic acid and ethyleneglycol ., but it is 
possible to jointly use copolymer component ofthe trace. As 
copolymer component, you can list isophthalic acid, phthalic 
anhydride , 2,6-naphthalenedicarbox\lic acid , 5-sodiumsulfo 
isophthalic acid , the adipicacid, succinic acid or other 
dicarboxyiic acid and 1 ,4-butanediol and 1,3-propanediol or 
other glycol. 
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[0012] Regarding to tfos invention, scrap which is used PET or 
beingsomething which consists of polyester which designates 
this as themain corrponert, fiber of after use which recovers 
because when producingthe polyester and when forming waste 
and non-standard product and recycle whichoecir, is film and 
bottle etc. These scrap pulverization doing in mechanical, hot 
compression doing corcerringbulky ones like fiber, melting 
oncepel!etiangsuchasitdoesdoin& it is desirable to make 
shape which it is easy to use. 

[0013] Regarding to this invertion, it supplies slurry and scrap o 
fmoleratio 1/1.1 to 1/2.0 extent of theterephthalic acid and 
ethylenegiycol to esterification reaction can where first 
oligomer of molten state, namely, bis(P4iydroxyethyl) 
terephthalate and/or low molecular weight polymerexists, with 
temperature 220 to 260 °C and pressure 0.02 to 1 .0 M Pa, 
does 5 to 7 hours esterification reaction, obtains theoligomer of 
degree of polymerization 3 to 1 0 extent . 

[0014] Scrap can also supply with solid state, but when it suppli 
eswiththe molten state, melting and reacting to oligomer 
advarcing smoothly, it isdesirable. With temperatire 270 to 
300 °Q it is desirable in melting scrap making use of 
theextruder and kneader of single shaft or dual shaft which 
accompany theoccurrerce of shearing heat, to do with 
condition where residence time becomesthe 1 to 2 0 min 
Because of this thermal degradation of scrap can be control ed. 

[0015] If it is a scrap which possesses color of polyester and sa 
me or great erwhich as for supplied amoint of scrap, about 
satisfactory scrap of color toadjust according to color (extent 
of thermal degradation) of scrap for exanple tries it willbe 
desirable, it will be possible, to produce to make large amount, 
itcan make to 30 weight % extent of total oligomer which is 
acquired with esterification reaction 

[0016] Esterification reaction can also do with (Continuation) 
rrultiple steps, in that case, as for the scrap it is desirable to add 
with first step. 

[0017] Transporting oligomer which is acquired with esterificati 
on reaction, to rx>lycondensationreactor,follo\vingto 
conventional method, adding condensation catalyst doing 
condensation polymerization , it makes thepolyester. 
Firthermore, before introducing oligomer into 
polycondensation reactor, according to reedfiltering, it 
removes foreign matter. 

[0018] Regarding to this invention, changing types of condens 
at ion catalyst according tothe types of catalyst compound 
which scrap contains or concentration of thephosphorus 
compound, it is necessary to do condensation pol vmerizalion. 

[0019] Especially when polyester for bottle where satisfactory' c 
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olor and transparcncyare required is produced content of 
corrpound of metal otherthan gernmmm you use scrap of 1 0 
ppmor less as metal atom usi ng tlvgermani im compound 
(germmiumdioxide) as condensation catalyst, you do 
condensation polynxTizatioa When scrap which contains 
compouxiof metaJ other than thegerrrani urn like antimony 
compound is used, cornpound reacting with phosphorus 
conpound whichis added as heat stabilizer it forms insoluble 
foreign matter, colors polyester, foreign matterpromoting 
crystallization of polyester, whitening doing, it impairs 
thetransparency. Therefore, as condensation catalyst using 
germanium compound, when it uses scrap wtrichit produces, it is 
desirable to do condensation polymerization with germanium 
cornpound as thecondensation catalyst. 

[0020] On one hand, polyester for fiber and industry film is pro 
ducedgenerally, with inexpensive, usirig artirrony trioxide 
where catalytic activity is superioras condensation catalyst, 
antimony trioxide, reacting with phosphorus compound, forms 
insoluble foreign matter, but theespecially melt viscosity is low, 
when when copresence do antimony trioxide and 
theptasrjriorus cornpound with esterification reaction step 
where gjycol concentration is high, production reaction of 
foreign matteris easy to happen, in addition, precipitation doing 
in dead space etc, toform coarse particle is easy, plugging of 
filter happens, isconsiderable transport pipe plugging is done. 
Therefore, as condensation catalyst, using antimony 
compound (antimony trioxide), when it produces polyesterfor 
fiber and industry film, content of scrap and namely, 
ptosphorus compoundvvhere content of phosphorus compound 
is little, it is desirable to use thescrap of 20 ppmor less as 
phosphorus atom 

[0021] Next, while referring to drawing, you explain embodi me 
nt of rrethodof this invention In Figure 1, as for 1 as for 
esterification reactor and 2 as forthe reaction product and 3 as 
for mixer and 4 with slurry feed pipe,as for 5 with hopper of 
solid scrap, as for 6 as forthe weighing apparatus and 7 as for 
extruder and 8 as for theoligomer removal pipe and 9 as for 
pump and 10 as for filter and 11 reactive g?s drain pipe is 
shown 

[0022] Oligomer of predetermined amount is thrown by esterifi 
cation reactor 1, beforehand, heating and stirringis done, slurry 
of terephthalic acid and ethyleneglycol from slurry feed pipe 4 
is supplied to theestcrification reactor 1. On one hand, 
particulate or other solid scrap, from hopper 5 weighing being 
done with theweighing apparatus 6, is supplied by extruder 7 to 
quantitative, is supplied to esterification reactor lto molten 
state. 

[0023] After supply of scrap to esterification reactor 1 starting 
esterification reaction, it ispossible also to do. but because 1 
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hour is needed in depohrrerization reactioa asfor start frort 
stimpof esterification reaction it is desirable to do in theinitiaJ 
stage. Because it advances depoKrirrization reactioa 
simultaneously with esterification reactioa it isnot necessary 
other way to provide, depol ymerization reaction step fol lows 
to conventional method andit should have done esterification 
reaction with condition an above-mentioned way. 

[0024] Oligomer which is acquired with esterification reaction is 
extracted from removal pipe 8with pump 9, after being filtered 
with filter 10, is sent to the condensation polymerization step. 

[0025] 

[Working Example(s)] Next listing execution example, you e 
xplain this inventionconcretely. property value of polyester 
measured furthermore, in Working Example thefollowing way. 

( A) Color tone (b value) 

Melting scrap once, it designated those which formed in pelletof 
size of 4 mmx4 mm x2 mm as sample, it measured making 
use of the 300 A type color difference meter of Nippon 
DerehokuKogyo K.K. (DN 69-244-3708) supplied If b value 
displays hue (yellowing , blueness ) of yellow-blue system, does 
not becomeextremely small as color of polymer, when b value 
is small, itis satisfactory. 

( B) Di ethylene glycol component content (DEG content) 

It measured polyester thermal decomposition after doing, maki 
ng use of GC-14 B type gas chromatographof Shimadzu 
Corporation make with potassium hydroxide aqueous solution 

(C) Transparency (haze) 

Polyester after forming in sheet of thickness 5 mm, was measur 
ed makinguse of NDH1001D p-type turbidity meter of Nippon 
Denshoku Kogyo K.K. (DN 69-244-3708) supplied. 

(D) Contert of metal compound and phosphorus compound 

It measured polyester after forming in disk of diameter 4 cm an 
d the thickness 8 mm, making use of fluorescence X-ray 
spectrometer 3207 of Rigaku Corp. (DN 69-054-941 5) 
supplied. 

[0026] Working Example 1 

It threw oligomer 1 500 kg of degree of rx>l ymerization 5 to bat 
ch system esterification reactor, heating and stirring did with 
the 250 °C. In this reactor, 50 ppm it supplied particulate 
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scrap ( b value 0.2 and DEG content 1.6ni)le%) which 
theafter use bottle which consists of PET which is contained 
pulverizing is doneto extruder with gemimiumcomrxxind as 
gemiiriiumatorn 3 rrin applied with the285 °Cand 600 kg 
after suppl vi ng those which are melted, itsupplied slurry 1750 
kg of mole ratio 1/1 .2 of terephthalic acid and ethylenegjycol, 
with the temperature 250 °C and pressure 0.05 MPa , did 5 
hours esterification reactioa acquired oligomer of 3600 kg. it 
transported oligomer 2000 kg which is acquired to 
polycondensation reactor, itadded orthophosphoric acid 400g 
as germanium dioxide 300gand heat stabilizer as condensation 
catalyst, vacuum didgradually with temperature 285 °C, under 
vacuum of finally 13.3 Pa, did 3 hours condensation 
rx)lvTrrrization,acquired polyester of approximately 2000 kg, 
polyester which is acquired was b value 0.1, DEG content 1. 
5mole% andthe haze 5.0, was something which it can use as 
one for bottle. 
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[0027] Working Example 2 

As scrap, with antimony compound as antimony atom 8 ppm 
other than usingthe particulate scrap (b value 0.6 and DEG 
content 1.9mole%) which consists of PET which is 
contained, inthe same way as Working Example 1 polyester 
was acquired, polyester which is acquired, was b value 0.2, 
DEG content 1.6 mole% andthe haze 6.0, as for those which 
are acquired with Working Example 1 corrpared tosomewhat 
color and transparency were inferior, but it was sorrethingwtiich 
it can use as one for bottle. 
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[0028] Working Example 3 

200 ppm extrusion doing PET which is contained from polyc 
ondensation react oras scrap, with antimony cornpound as 
antimony atom, when pel letizing doing, asthe condensation 
catalyst supplied amount of scrap to esterification reactor it 
designated supplied amountof 250 kg and slurry as 2200 kg 
making use of initial stage release stream ( b value 3.2 and 
DEG content 1.6mole%),otrjertranaoyingtriethyl 
phosphate 1 85g as antimony trioxide620g and heat stabilizer, 
itacquired polyester of approximately 2000 kg to similar to 
Working Example 1 . polyester which is acquired, was b value 
2.5 and DEG content 1.5 mole%,was something which it can 
use as fiber and one for industry film 

[0029] Comparative Example 1 

As scrap, with antimony compound as antimony atom 200 pp 
m other than usingthe PET which is contained, polyester of 
approximately 2000 kg wasacquired to similar to Working 
Example 2. polyester which is acquired was b value 0.7, 
DEG content 1.6 mole % andthe haze 15.0, was something 
where transparency- is bad. 
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[0030] Comparative Exanpie 2 

200 ppm it cortained as scrap, with germanium compound as 
germanium atom, witrihe phosphorus compound as 
phosphorus atom 1 5 ppm other than using PET which 
iscontained, it acquired polyester of approximately 2000 kg to 
similar tothe Working Exanpie 3. In this case, plugging 
occurred in filter which filters oligomer ,the change operation 
of element of filter was needed, transport of 
oligcrnerdiscontinued 1 hour, polyester which is acquired, was 
b value 4.6 and DEG content 1 .9 mole%,\vas something where 
color is bad 

[0031] 

[Effects of the Invention] Polyester of quality which responds t 
o application acceding to thethisinv'entioa in method which 
adds scrap to occasion where theesteriti cation reaction it does 
tereprlhalic acid and ethyl eneglycol, can be produced, 
productivitywell. 



[Brief Explanation of the Drawings)] 

[Figure 1] It is a conceptual explanatory diagram which shows e 
rrbodimeit of method of this invention 

[Explanation of Reference Signs in Drawings] 

1 esteri fi cation reactor 

4 slurry' feed pipe 

5. hopper of sol id scrap 

6 weighing apparatus 

7 extruder 

8 oligomer removal pipe 

9 pump 

10 filter 
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